Introduction: Women living with HIV (WLHIV) experience stigma and elevated exposure to violence in comparison with HIVnegative women. We examined the mediating role of experiencing recent violence in the relationship between stigma and depression among WLHIV in Canada. Methods: We conducted a cohort study with WLHIV in three Canadian provinces. Recent violence was assessed through self-reported experiences of control, physical, sexual or verbal abuse in the past three months. At Time 1 (2013-2015) three forms of stigma were assessed (HIV-related, racial, gender) and at Time 2 (2015-2017) only HIV-related stigma was assessed. We conducted structural equation modelling (SEM) using the maximum likelihood estimation method with Time 1 data to identify direct and indirect effects of gender discrimination, racial discrimination and HIV-related stigma on depression via recent violence. We then conducted mixed effects regression and SEM using Time 1 and Time 2 data to examine associations between HIV-related stigma, recent violence and depression. Results: At Time 1 (n = 1296), the direct path from HIV-related stigma (direct effect: b = 0.200, p < 0.001; indirect effect: b = 0.014, p < 0.05) to depression was significant; recent violence accounted for 6.5% of the total effect. Gender discrimination had a significant direct and indirect effect on depression (direct effect: b = 0.167, p < 0.001; indirect effect: b = 0.050, p < 0.001); recent violence explained 23.15% of the total effect. Including Time 1 and Time 2 data (n = 1161), mixed-effects regression results indicate a positive relationship over time between HIV-related stigma and depression (Acoef: 0.04, 95% CI: 0.03, 0.06, p < 0.001), and recent violence and depression (Acoef: 1.95, 95% CI: 0.29, 4.42, p < 0.05), controlling for sociodemographics. There was a significant interaction between HIV-related stigma and recent violence with depression (Acoef: 0.04, 95% CI: 0.01, 0.07, p < 0.05). SEM analyses reveal that HIV-related stigma had a significant direct and indirect effect on depression over time (direct effect: b = 0.178, p < 0.001; indirect effect: b = 0.040, p < 0.001); recent violence experiences accounted for 51% of the total effect. Conclusions: Our findings suggest that HIV-related stigma is associated with increased experiences of recent violence, and both stigma and violence are associated with increased depression among WLHIV in Canada. There is an urgent need for trauma-informed stigma interventions to address stigma, discrimination and violence.
approximately 63,110 people living with HIV in Canada, women comprised one quarter of HIV cases [9] . While Canada does not have national data on intimate partner violence (IPV) among WLHIV, the United States (US) Center for Disease Control reported that the rate of IPV among WLHIV in the US is double the national rate [10] .
Violence from both partners and non-partners has harmful impacts on physical, sexual, reproductive and mental health outcomes [4, 11] . Persons who experience violence have reported higher rates of depression, post-traumatic stress disorder (PTSD), suicide risk and lower self-esteem [7, 8, [12] [13] [14] [15] . While women and men in Canada self-report similar rates of physical IPV, women are more likely than men to report multiple victimizations, including sexual IPV [16] . The body's stress response to violence can have long-term consequences on the immune system [4, [17] [18] [19] . Furthermore, experiencing violence may contribute to the uptake of maladaptive coping mechanisms such as smoking and alcohol abuse, which further contribute to health adversities [4] .
Intersectionality is a theoretical framework rooted in Black feminist scholarship [20, 21] . Crenshaw (1990) [22] coined the term intersectionality to conceptualize how Black womens' experiences of discrimination are shaped by the convergence of race, class and gender. Intersectionality examines the interaction between multiple social identities that (re)produce privilege and marginalization [23] . Intersectionality is a particularly salient framework for understanding the HIV epidemic, as race, class and gender disparities are structural drivers of HIV [23, 24] An emerging field of research on intersectional stigma assesses the effects of exposure to co-occurring forms of stigma among WLHIV [25] [26] [27] [28] [29] . Previous Canadian research with WLHIV highlights associations between racial discrimination [26, 30] , HIV-related stigma [31, 32] , gender discrimination and depression [32] . Less known are the associations between multiple forms of stigma and violence exposure among WLHIV.
Syndemics describe the multiple, co-occurring deleterious psychosocial, structural and environmental factors that negatively impact individual and population level health [33] . Syndemics theory provides a framework for understanding the role of violence in producing co-existing negative social and behavioural outcomes that increase HIV disease progression and vulnerability to other illnesses [34, 35] . US studies have examined health consequences of the co-occurrence of substance abuse, violence, and HIV and AIDS, entitled the "SAVA" syndemic, among WLHIV [36] [37] [38] . Tsai [39] 's recent article called for a shift from exclusively examining individual-level factors in syndemics research to explore social forces. We respond to this call by examining linkages between stigma and recent violence with elevated depression among WLHIV. Specifically, we used Tsai [39] 's model of serially causal epidemics that articulates the adverse consequences of accumulating health risks.
There are knowledge gaps regarding longitudinal associations between stigma, violence and depression among WLHIV. This is important to assess, as cross-sectional research with adolescents living with HIV in South Africa report associations between abuse, HIV-related stigma and depressive symptoms [40] . A recent systematic review of cohort studies examining recent IPV and health outcomes demonstrated bidirectional associations between IPV and depression [15] . Yet stigma was not assessed in the review, no included studies were conducted in Canada, and only one study focused on experiences among WLHIV (sex workers in Kenya) [15] . We address these knowledge gaps by examining pathways between stigma, violence and depression among WLHIV in Canada's three provinces with the highest number of HIV cases: Ontario (42% of total cases), Quebec (27% of total cases) and British Columbia (16.3% of total cases) [41] . At Time 1 we collected information on three forms of stigma (HIV-related, racial discrimination, gender discrimination) and at Time 2 we only collected information on HIV-related stigma. Study objectives included: (1) assessing the direct and indirect effects of HIV-related stigma, racial discrimination and gender discrimination on depression at Time 1, via the mediator of recent violence; and (2) examining associations over time between HIV-related stigma, recent violence and depression, among WLHIV in a Canadian cohort.
| METHODS

| Study design and population
We used data from the cross-sectional, multi-site, longitudinal community-based research study: Canadian HIV Women's Sexual and Reproductive Health Cohort Study (CHIWOS). CHI-WOS involved WLHIV in Ontario, British Columbia and Quebec, described in detail elsewhere [42, 43] . CHIWOS baseline data (Time 1) includes 1422 women who completed the interview-administered questionnaire between August 28, 2013 and May 1, 2015, and Time 2 data were collected between June 23, 2015 and January 31, 2017.
| Participant recruitment and data collection
We used CHIWOS Time 1 and Time 2 data. WLHIV were recruited using non-random, purposive sampling techniques such as Peer Research Associates (PRAs), word of mouth, HIV clinics, AIDS Service Organizations, Community Based Organizations, provincial CHIWOS Community Advisory Board networks, CHIWOS National Steering Committee networks, listservs, CHIWOS website, Facebook and Twitter. Individuals who self-reported as living with HIV and identified as cisgender or transgender women 16 years and older were eligible for participation. Detailed information regarding recruitment strategies is reported elsewhere [44] .
Our community-based research approach involved recruiting and training 38 WLHIV as PRAs [45] . PRAs recruited most participants and administered the interview to participants as a way of improving inclusion of diverse, marginalized populations in research, as well as to minimize the social distance between researchers and participants [45] . The survey was conducted in English or French using online FluidSurveys TM at baseline and took approximately two hours to complete (median: 120 minutes, interquartile range: 90-150). Participants in rural settings had the option to complete questionnaires by phone or Skype. Study participants provided informed consent and received a $50 CDN honorarium. Participants were given the option to opt out of the violence section of the questionnaire, complete the section themselves, or continue with the PRA. For this analysis, women were excluded if they chose not to answer the violence section in the survey.
| Ethics
Research ethics board approval was granted from: Women's College Hospital, Simon Fraser University, University of British Columbia/Providence Health, and McGill University Health Centre. Prior to starting enrolment, study sites that had independent Research Ethics Boards received their own approval. Participants provided written informed consent or oral consent with a study team member as witness for phone/Skype questionnaires.
| Measures
| Primary outcome: depression
Depression symptoms were assessed as a continuous variable using the Center for Epidemiologic Studies Depression Scale (CES-D10) (range = 0-30, Cronbach's a = 0.87) [46, 47] .
| Explanatory variables
HIV-related stigma was assessed using the HIV Stigma ScaleShort Form (range = 0-100, Cronbach's a = 0.85) [48, 49] . Racial discrimination was measured using the Everyday Discrimination Scale-Racism (range 8-48, Cronbach's a = 0.96), and gender discrimination with the Everyday Discrimination Scale-Sexism (range 8-48, Cronbach's a = 0.94) [50, 51] . The Everyday Discrimination Scales we used included 8 of the original 9 items; the item "You are called names or insulted" was not included due to pilot testing feedback that it overlapped with other stigma and violence items.
Recent violence experiences included the number of selfreported (yes/no) experiences of violence (physical violence, verbal violence, control, sexual violence) in the past three months (range 0-4) with the question "have any of the above experiences happened to you in the last three months?". The recent violence variable was the sum of these reported experiences of violence.
| Socio-demographics
Socio-demographic variables included: age, province of residence, ethnicity, education level, and personal gross yearly income.
| Data analysis
We calculated summary statistics of socio-demographic, psychosocial and clinical variables, using means and standard deviation (SD) for continuous variables and frequencies and proportions for categorical variables. We examined the data using ANOVA for continuous variables and chi-square or Fisher's exact test for categorical variables to examine the differences by recent violence experienced across socio-demographic variables. Unadjusted and adjusted multifactorial linear regression analyses were examined to determine factors associated with depression.
There is no standard approach to measure intersectional stigma [52, 53] . Davis [54] argues in the 2008 "Intersectionality as Buzzword" article that it may be in part due to its nonprescriptive nature that the concept of intersectionality has been so widely taken up and applied across disciplines and methodological approaches. There are calls for innovation in quantitative intersectional stigma measurement [52] , using strategies such as structural equation modelling (SEM) that has been applied in prior intersectional stigma research [26, [30] [31] [32] . SEM allows the assessment of correlations between variables, including multiple forms of stigma.
We first conducted SEM using the maximum likelihood estimation method to examine the direct and indirect effect of HIVrelated stigma, racial discrimination and gender discrimination on depression and the mediation effect of recent violence. Model fit was assessed using: root-mean-square error of approximation (RMSEA), and comparative fit index (CFI). A score of <0.08 for RMSEA and a score >0.90 for CFI indicate an acceptable fit.
Following this, we used Time 1 and Time 2 data to conducted mixed-effects regression to examine the relationship between HIV-related stigma and depression over time, taking into consideration the effect of recent violence experiences. Mixed-effects models are useful to understand the trajectory of changes accounting for within-person and across-person variability. In particular, fixed effects were used for years of the study (with a value of 1 assigned to Time 1 and 2 to Time 2), HIV-related stigma and recent violence experience (0 = no recent violence experience; 1 = any form of violence in the past three months). We also controlled for covariates, including age at baseline assessment, ethno-racial background, education level, province of residence and personal annual income at both Time 1 and Time 2.
A second SEM was then conducted using path analysis to investigate the cross-lagged relationships between HIV-related stigma, recent violence experiences and depression. The final model used the following procedures: (1) Age (continuous), ethnicity (Indigenous, African, Caribbean, or Black (ACB), other vs. White), education level (high school or higher vs. less than high school), province (Ontario, Quebec vs. British Columbia) and personal annual income (>$40,000, $20,000-40,000 vs. <$20,000) were controlled for to reduce their confounding effect. Two-sided statistical tests were conducted with a significance level of 0.05. Statistical analyses were conducted using SAS (SAS, NC, USA) version 9.4 and Mplus (Mplus, CA, USA) and STATA 14.0 (STATA, TX, USA).
| RESULTS
| Prevalence of recent violence
Of the total 1422 participants, 104 were excluded as they opted to skip the violent experiences section of the survey Logie CH et al. Journal of the International AIDS Society 2019, 22:e25341 http://onlinelibrary.wiley.com/doi/10.1002/jia2.25341/full | https://doi.org/10.1002/jia2.25341 and 22 participants were excluded due to missing data related to adulthood violence. A total of 1296 participants were included in analyses of Time 1 data. The mean age was 42.8 years (SD = 10.7). Twenty-two percent of the sample was Indigenous, 28% were African, Caribbean and Black, 43% were White and 8% were other ethnicities. Table 1 displays socio-demographic factors associated with recent violence, including no recent violence, one type of recent violence and multiple types of recent violence at Time 1 (described as +1 type of violence experience). One-fifth (22%, n = 282) of participants reported experiencing recent violence (in the past three months), of which 54% (n = 152) reported experiencing one type of recent violence and 46% (n = 130) more than one type of recent violence. We also found that age, ethnicity (Indigenous vs. ACB or White or other), sexual orientation (lesbian, gay, bisexual, transgender, queer vs. heterosexual), having children vs. no children, lower education level, lower personal annual income, and providence of residence (British Columbia vs. Ontario or Quebec) were associated with increased likelihood of reporting recent violence at Time 1. During the follow-up survey at Time 2, the total sample size was 1161. One-quarter (25%, n = 286) of participants reported experiencing recent violence in the past three months, of which 73% (n = 210) reported experiencing one type of violence and 27% (n = 76) more than one type of violence. Table 2 summarizes the linear regression coefficients of factors associated with depression during Time 1 and Time 2. In adjusted analyses controlling for socio-demographic factors (age, ethnicity, education level, province and income), higher HIV-related stigma (Acoef: 0.07, 95% CI: 0.05-0.10, p < 0.001), gender discrimination (Acoef: 0.12, 95% CI: 0.06-0.18, p < 0.001), and recent violence experiences (Acoef: 2.21, 95% CI: 1.71-2.70) were associated with higher levels of depression. At Time 2, higher levels of depression were associated with HIV-related stigma (Acoef: 0.04, 95% CI: 0.02-0.06) and recent violence experiences (Acoef: 2.44, 95% CI: 1.95-2.92), adjusting for socio-demographic factors.
| Factors associated with depression at Time 1 and Time 2
| SEM results for Time 1 data
The first SEM (Figure 1 ) was tested to assess the direct and indirect effects of HIV-related stigma, racial discrimination and gender discrimination on depression and the mediation effect of recent violence experiences at Time 1. Final model fit indices suggest that the model fit the data well (CFI = 1.000; RMSEA = 0.000 (90% CI: 0.000, 0.000)). Figure 1 illustrates the model with standard coefficients and the significance levels of each pathway. The standardized coefficient indicated that with a SD increase of the independent variable, the dependent variable would increase by x SD, holding all other variables constant. Standard errors were included in parenthesis. Table 3 details the path analysis findings regarding pathways from stigma to depression, via recent violence experiences. The direct path from HIV-related stigma (direct effect: b = 0.200, p < 0.001; indirect effect: b = 0.014, p < 0.05) to depression was significant, and recent violence accounted for 6.5% (0.014/0.215) of the total effect. Gender discrimination had a significant direct and indirect effect on depression (direct effect: b = 0.167, p < 0.001; indirect effect: b = 0.050, p < 0.001), and recent violence explained 23.15% of the total effect. Racial discrimination did not have a significant direct or indirect effect on depression. (Table 4) 
|
Mixed-effects modelling and SEM results for Time 1 and Time 2 data Mixed-effects regression results
| DISCUSSION
Over one-fifth of this Canadian cohort of WLHIV experienced violence in the past three months at Time 1, and one-quarter at Time 2, indicating an ongoing issue of violence that requires urgent focus. HIV-related stigma and gender discrimination were associated with recent violence as well as depression at baseline. Over time, recent violence experiences interacted with HIV-related stigma with harmful effects on depression.
The cross-sectional model of recent violence at Time 1 suggests that both HIV-related stigma and gender discrimination identified between HIV-related stigma and violence over time that exacerbates their effects on depression suggests the possibility of "synergistically interacting epidemics" [39] of stigma and violence among WLHIV. Our findings also align with a systematic review of longitudinal effects of recent IPV on depression among women, suggesting that WLHIV also experience the harmful impacts of violence exposure on depression [15] . Similar to these findings, we also found a bidirectional relationship between recent violence and depression over time. The causal pathways between depression and recent IPV are understudied, but it is possible that depression symptoms reduce energy, hope, self-efficacy and motivation to engage with social service programs to acquire assistance to leave violent relationships [15, 55] . We add to this knowledge base by identifying HIV-related stigma as an important cause of violence and depression among WLHIV that may present further barriers to leaving violent situations.
Research should further explore the role of racial discrimination in the lives of WLHIV. Racial discrimination was not significantly associated with violence or depression in multifactorial analysis yet was associated with depression in univariate analysis. This finding calls for further nuanced research on measuring racism, its health effects, and associated coping strategies among WLHIV in Canada [56] . It also signals the need to consider and assess institutionalized racism that may be associated with stigma, violence and depression. For instance, Prather et al. 's [57] recent review of racism and African American women's health points to the need to explore health effects of racism in healthcare, criminal justice, housing, education and employment systems.
Violence experiences among participants varied by sociodemographic characteristics. Higher levels of recent violence in British Columbia in comparison with Ontario and Quebec may be due to higher rates of violence against women [16] and the higher crime severity index [58] in the census metropolitan area of Vancouver in comparison with Toronto or Montreal. Rates of violence were found to be the highest among Indigenous women, which reflects previous research [59, 60] and national data [16] . Indigenous women's vulnerability to violence and HIV is rooted in historical and ongoing trauma from colonization, residential schools and racism [59, 61] . Violence was higher among those with lower income and education, corroborating previous research involving WLHIV [62] . Low-income women may rely on partners for food and housing stability, constraining their ability to leave IPV contexts [63, 64] .
The study has limitations. The non-random sampling limits generalizability. We may have included persons who were more connected to HIV care services. Longitudinal data on racial and gender discrimination could add complexity to the analyses of intersectional stigma. We did not assess the perpetrator of violence, and relationship to the perpetrator may play a role in psychological consequences of violence [65] . Our racial and gender discrimination measures only assessed enacted stigma, precluding understanding the potential effects of perceived and internalized forms of racism and sexism. The Everyday Discrimination Scale was developed in the U.S. and could be further validated with racialized women in Canada.
In this study we assessed gender discrimination, racial discrimination, and HIV-related stigma separately. Future research could assess the simultaneous effects of intersectional stigma.
Finally, data were self-reported and may be vulnerable to social desirability bias.
| CONCLUSIONS
Our findings advance knowledge regarding violence among WLHIV. To the best of our knowledge this is among the first longitudinal studies to examine connections between HIV-related stigma, recent violence and depression among WLHIV. Findings suggest that both stigma and violence must be addressed in order reduce depression among WLHIV, as the deleterious effects of stigma on depression may persist, even if violence is reduced. This has implications for theoretical and methodological innovations regarding intersectional stigma reduction, as a systematic review of stigma interventions for ACB WLHIV highlighted that none addressed more than one form of stigma [66] . Along with others, we propose the use of women-centred, trauma-informed and violence-aware practice that addresses PTSD, depression, intersectional stigma, incorporates harm reduction and ensures screening for all forms of violence in HIV and health care and support services for WLHIV [67] [68] [69] [70] .
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